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We were Interested in investigating redox ,
polymer films'on solid electrodes (1) in 'a'
molten salt:..We have therefore investigated
the electrochemistry of poly- 1.[Ru(2,2'-btpyrtdtne)2 (4-vtnylpyrtdtne)] 32+Acm

(2.polyvtn.ylferrocene (PVF) (3,4) anithiontne polymer (5) coated glassy carbon ..-r

electrodes in various compositions of the am-
blent temperature molten salt system aluminum 00 06 ov
chloride:n-butylpyridinium chloride (BuPyC1) E vsAI 1I 2mI
(6) at 400C. Electrodes were coated with
polymer as described in references 2, 4, and
5 respectively. Surface coverages were
measured by cyclic voltammetry In 0.1 N

EtdNC104/CH CN for the ruthenium and PVF
polymers and in 0.05 N aqueous H2S04 for the Figure 1. Cyclic voltammograms at 40C of a
thionine polymer. . C/poly-[Ru(bPy)2 (vPyJ2] + elgctrode (surface

We have used the 0.95:1 (basic), 1:1 coverage - 2.0 x 10- mol/cmf) in 1.2: ALC13:
(neutral) and 1.2:1 (acidic) AlC13 :BuPyCl mole BuPyCl melt containing ferricenium (ca. 1 MI.
ratio melts in which the dominant equilibrium Scan speed a 100 mV/s.
,Is (7):
I C Kunder the wave at +1.26 V corresponded to

2AlC14" A12C17  1013 100% of the polymer originally present.
' Thicker films require a longer break-in

The "neutral" melt can be described as BuPy +  _ period.
A1C1 The ba;ic melt may be considered to We interpret the above behavior as

iof BuP, C1 and A1C4 ions and the i indicating slow permeation of melt and ferr-
acidic of BuPy, A12C " and AlC14 ", the -cenium ions into the polymer film. This per-
content depending on te stoichiometric ratio C, meation is facilitated by repeated oxidation
of A1C13 to BuPyC1. Potentials are quoted , and reduction of the polymer since it does not
relative to Al in a 2:1 melt, which is ca. occur when the polymer is maintained in its
+140 mV relative to SCE in CH3CN (8). reduced state and it is very slow when the
* The cyclic voltammetry of a polymer is exhaustively oxidized. Presumably
C/poly-[Ru(bpy)2(vpy)J]z+ electrode in an the counter-ion and polymer backbone movements
acidic melt (Filure 11 was almost featureless associated with oxidation and reduction of
on the first scan. Additionally, no electro- the polymer (4,10) allow melt to diffuse into
chemistry of dissolved ferricenium (E0 - 0.24 the polymer. This interpretation is s pported
V) was observed. On subsequent scans a yell by the gradual appearance of chloride from
defined, reversible wave developed at E0 - AlC1 4 " or AlfC17") oxidation and Al deposition
+1.26 V and after this wave had reached ca. at the limit ng potentials of the acidic melt
80 of its final size a small membrane If the potential is scanned through the normalL
diffusion type wave (9) for ferricenium electrochemical window of thc malt (6) daring
reduction developed at ca. + 0.3 V. The break-in. Once an electrode has been broken
voltammogram of Figyre rreached steady state in it remains electroactive for extended
after about 40 scans and the final charge periods (days) in the melt. This type of

break-in behavior has been observed by other,* Electrochemical Society Actrve mer workers, using different polymers and more
vol t e l od conventional solvents (water (4) and acetoni-vo t mm t ytrill CIO)).
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I n.. Once jruthenium poler film has beenj
broken* jpi-t exhibits wel defined etectr6- L

chemistry'itn both hiutraT 'and acidic melts (th
basic melt is more easily oxidied than the
polymer). For films of 3 x 10- mol/6 2 or
less, reversible electrochemistry is observed
Vat can speedS ks high ii S0"mV/A.tr P-eiIART
separations Are constant and peak currents var
linearly-with scan speed, characteristic of a
surface bound redox couple. Thicker film shot
evidence of slow charge transport at scan 4 4 v .. ,
speeds above 100 m/s, with increasing peak
separation and decreasing charge as the scan
speed is increased. The formal potential of
the polymer in the melt is about 100 mY greater
than expected in comparison to ferroceneI
ferricenium, the respective redox potentials
of these couples being 1.22 V and 0.38 V vs
SCE In acetonitrile.

TO obtain a well defined voltammogram of
a drop coated C/polyvinylferrocene electrode 04 -o
required that it first be cycled through the I
PVF redox wave in neutral or basic melt (the
polymer dissolves in acidic melt) and then in
e.etonitrile/Et 4NC10 4 . After washing with
acetone to remove Et4NCI04 from the polymr
and dry ig in the vacuum port of the dry-box
the electrode shows well defined electro-
chemistry In the melt after a break-in period
similar to that observed for the ruthenium
polyme. Generally, the final voltammogram
(Figure 2) showf stable, reversible electro-
chemistry at 0 N0.25 V. However, the I"
quantity of polymer as deduced from the charge' z
is always significantly less than was I
originally deposited onto the electrode, /s
usually corresponding to 5-20 monolayers of >.
monomer units.
I Thionine polymer also exhibits a break-in Figure 2. Cyclic voltanmmograms at 40C of a
eriod In the melt. Final voltammograms 0 C/polyvinylferrocene electrode (final surface

(Figure 3) show, quasi-reversible electro- z coverage a 1.3 x 10-9 mol/cm) in 0.95:1
chemistry at Ec "0.25 V with the peak sep- r AIC1 3 : BuPyCl melt.
bration Increasing with scan speed. However,
the voltammograms in the melt compare well recently reported on impedance studies at
ith those obtained In aqueous sulphuric acid polyacetylene coated electrodes in a 2:1(5). tIC1t:BuPC melt (12); in this melt compo-

I The results presented here Indicate that 'sitin only the oxidation of the polyacetylen
three very different redox polymer coated could be observed since the melt "window" is
lectrodes function well in these annhydrous, ie V. However, use of a "neutral" system, r
ighly conducting ambient temperature ionic either the butylpyridinium chloride or
tiquids and we feel there is great potential dialkylimidazolum chloride- aluminumfor the use of such electrodes In such media. chloride Ionic liquid, might render such con-

Other ambient temperature ionic liquids, such ducting polymers susceptible to both oxidatio
as the dialkylimidazolum chloroaluminates 'and reduction, since solvent limits of ca. 3.
(11) would also appear to be useful for and 4.5 V, respectively, are observed (Ti).
ptudies of polymeric electrodes. The use of Tere are possible applications of polymer
puch liquids for studies of electronically coated electrodes in these molten salt syst
conducting poyers such as polyacetylenes, tn the fields of electrocatalysis, fuel cells
polylpylles and others also appears to have photoelectrochemistry and batteries. Addition
consid rable scientific and pertaps tecueo- I studies in this area are in progress In o
logical significance. andc€-wr._ .s ! aboratory. 0
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